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A METHOD FOR GENERATING PLANT DIVERSITY BY INCORPORATION OF 
MICROSATELLITE SEQUENCES INTO THE PLANT GENOME 

Field of the Inventioii 

The present invention relates to the field of genetic engineering of plants. More 
specifically, the present invention provides a method &r the generation of 
diverse new plant varieties, using micro-satellite sequences as a tool to achieve 
plant diversity. 

Background of the Invention 

All publications mentioned throughout this application are fuUy incorporated 
herein by reference^ including all re&rences cited therein. 

Micro-sateUites (MS) are repetitive DNA sequences t3rpi£Led by a monotonous 
repetition of short DNA sequences of between one to about ten nucleotides in 
length of the repeating imit [Moxon £^ and WUls 0. (1999) Scientific 
American 2gQ(l);72-7]. The following DNA stretches are examples of MS 
sequences, (A)n, (CA)n, (CAG)n, (GcATA)n, (TAGAAA)n, where n can vary 
between 3 to about 100 and the total length of the MS varies between about 10 
to about 200 base-pairs (bp) in length. MS sequences may contain errors in the 
form of a base change or a Tnissing nudeotide (Le. a point mutation or a firame- 
, shifi;) but still are considered hereby as genuine MS-Iilse sequences. MS are 
generally considered as "jwik DNA", a renmant of Darwinian evolution that 
the genome could not get rid o£ 

Until now, conventional genetic engineering of plants target specific genes that 
are advantageous from a commercial point of view. For example, generation of 
transgenic plants that are resistant to herbicides or plants that produce firuits 
with a protein of higher nutritional value {McLaren J.S. (1998) Pest Outlook 
12:36-41]. This is usually done via the introduction of foreign genetic elements 
into the plant genome [Kiunar S. and Fladung M. (2001) Trends in PUmt 
Science £:155-9I. However, many of the important traits of plants are 
quantitative in nature and depend on the level of e2q>ression of multiple genes. 
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Thezefbre manipulatiiig the eiqpression of only one gene may not be as efGsctive 
in actxially acbieving the derared phenolype. 

The present invention is based on the premise that MS sequences have a 
regulatory rde in the plant genome. Thus, the introduction of MS sequences 
into the plant genome might result on a profound effect on the pattern of gene 
expression in the manipulated plant It is an object of the present invention to 
provide a method whereby the incorporation of selected MS sequences into the 
genome of a large number of plant cells* and the growth of individual plants 
out of these individual ceUs, generates a plethora of new plant varieties. 

These and other objects of the present invention will become apparent as 
description proceeds. 

Summary of the Invention 

In a first aspect, the present invention relates to a method for the generation of 
genetically diverse plants via the incorporation of exogenous micro-satellite 
(MS) sequences into the plant genome, wherein said plants are of the same 
species^ and said method comprises the following steps: 

(a) obtaining MS-like DNA fragments; 

(b) introducing said DNA firi^ments into plant cells; 

(c) selecting the plant ceUs omtaining said DNA firagments; 

((jQ cultivating the plants grown from the selected cells under suitable 
conditions. 

Optionally, the MS-Hke DNA fragments obtained in step (a) may be ligated 
into suitable vectors and then introduced into plant cells. 

In a preferred embodiment, the MS*like DNA fragment (also referred to as 
exogenous MS, or exogenous DNA) is introduced into plant cells concomitantbr 
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with a selective mazker. Said selective marker may be a gene that confers 
resistance to an antibiotic, a herbicide or a metabolic inhibitor. 

La one embodiment of the method of the invention, the MS-like DNA fragment 
comprises a monotonous repeat of one to sis nucleotides and is at least twelve 
nucleotides in length, wherein said repeat is any one of AJT, AT/TA, A6/CT, 
AAG/C3TT, CGG/CCG, ATCG/CGAT, AAAT/ATTT, AAGTrC/GAACJTT, 
CTG/CAG, TTTAyTAAA, CT/AG and TTC/GAA 

In another embodiment, the MS-Iike DNA fragment comprises a sequence that 
is at least 70% homologous to the above-mentioned monotonous repeat. 

In a further embodiment of the method of the invention, the synthetic MS-like 
DNA fragment further includes in tandem a unique identifiable sequence that 
enables specific tagging of the incorporated DNA. 

In a yet further embodiment of the invention, the synthetic MS-hke DNA 
fi^agment is introduced into individual plant ceUs. Alternatively, the synthetic 
MS-like DNA firagment is introduced into any one of a plant embryo, a plant 
tissue or callus, or a lea^ which are then subsequently disintegrated into 
individual plant cells. Said individual cells are cultivated to give rise to 
individual plants. 

In a further embodiment of the method of the invention, the exogenous DNA is 
obtained via synthesis or cloning. In addition, the exogenous DNA may be 
produced by the ligation of several DNA pieces. 

In a last embodiment of the method of the invention, the DNA may be 
introduced via axxy one of electroporation, chemical or mechanical means, or 
liposomes. Said DNA may be either naked, or it may be comprised within a 
construct, and be introduced into the plant genome by a genetic vehicle such as 
a plasmid or a viral vector. 
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In another aspect^ the invention refers to the use of MS-like DNA fragments as 
a tool for the generation of new plant varieties, or &r the generation of any one 
of cells, seeds or progeny of said plants. 

In a ftirther aspect, the invention provides a plant variety produced hy the 
method of obtaining and introducing MS-like DNA fragments into plant cells^ 
selecting the plant cells containing the exogenous DNA, and cultivating the 
plants grown from said selected ceUs under suitable conditions* 

A further aspect of tihie invention refers to a plant variety whose genome has 
been modified by the method described in the present invention* 

Lastly, the present invention provides a new plant variety generated by the 
introduction of MS-like DNA fragments into its genome, and ceUs, seeds and 
progeny thereof 

Brief Description of the Figures 

Figure 1: Flowchart summarizing the invention 

Figure 2A-D: Generation of novel plant varieties via microsatellite 
insertion* 

Figure 2A: Dwarf plants. 
Figure 2B: Plant with malfimned leaves. 
Figure 2C: Plant with narrow leaves. 
Figure 2D: Plant with short intemodes. 

Figure 3: New variant phenotype (1). 
Left -Wild- type plant 

Right — New plant variety carxyii^; the micro-satellite (CTG)n: short plant 
with narrow twisted leaves. 
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Figure 4: New variant phenotype (2). 
Left - Wild-type plant. 

Bight - New plant varieties'cairying the micro-eatellite (TTTA)n: Dwarf plant 
(center) and plant with distorted leaves (far right). 

Figure 5: New variant phenotype (3)« 
Left — Wild-type plant. 

Bight - New plant variety canyii^ the xnicro-sateUite (CT)n: Giant plant. 

Figure 6: New variant phenotype (4)* 
Left - Wild-type plant 

Bight — New plant variety carrsdng the micro-satellite (CT)n: Dwarf plant. 

Figure 7: New variant phenotype (5). 

Left - Wild-type plant. 

Bight - New plant variety carrying the micro'Satellite (TTQn: Plant with 
distorted leaves. 

Detailed Description of the Invention 

In search for a method for generating plant diversity^ the present inventors 
based on the premise that MS sequences have a regulatory role in the plant 
genome, and that consequently, insertion of such DNA sequences into plant 
cells will residt in diversified phenotype. 

Thus, in a first aspect, the present invention provides a method for the 
generation of genetically diverse plants via the incorporation of exogenous 
micro-satellite (MS) sequences into the plant genome, wherein said plants are 
of the same species, and said method comprises the following steps: 

(a) ohtaining MS-like DNA fragments; 

(b) introducing said DNA firagments into plant cells; 

(c) selecting the plant cells containing said DNA fragments; 
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(d) ctdtivating the plants grown £rom the selected cells under suitable 
conditions. 

As shown in the following examples, MS DNA firagments were obtained 
through synthesis, using a DNA synthesizer. 

As for the selection step, as shown in the following eicamples^ MS sequences 
may be co-transfected with a gene tihat confers resistance to the antibiotic 
kanaxnycin. The cells are then grown on kanamycin*containing medium, and 
thus only those cells that were trans&cted survive* 

The inbcorporation of MS sequences into new site^ within the plant genome 
enables the generation of a number of plant strains with a broad diversity of 
characteristics that is genetically inherited* The desired strain shall then be 
selected according to preferred properties. For example, plants can be selected 
&r flower or fruit size, plant height, resistance to herbicides, endurance to 
salinity or heat» or any other feature that might be advantageous for difkrent 
purposes. Thus, the inventors present a novel approach for genetic engLoeering 
of plants and a method to its implementation. 

As shown in Example 3, the introduction of the MS fragment made by the 
repeat (TTA)n, or by the repeat (CT)n generated more than one different plant 
variety. This shows that trans&ction with even one MS type, residted in a 
collection of variants, probably due to the random nature of MS integration 
into the genome. In other words, since the MS sequences integrated at 
different sites in the genome of dij&rent plant cells, the phenotTpic outcome is 
different and is manifissted by the generation of a spectrum of variants. 
Nevertheless, each variant is genetically determined, and its phenotype should 
therefore be genetically inheritable. 

When introduced into the plant cells, the DNA fragments may be carried by 
genetic vectors or not, and the site of the integration shall be random. 
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In one embodiment of the method of the invention, the DNA ficagments may be 
ligated to suitable vectors and then introduced into the plant cells. 

In another embodiment, the MS sequence utilized in the method of the 
invention comprises a monotonous repeat of one to six nucleotides, at least 
twelve nucleotides bng, vnth mmrimum tei^i^ of 10,000 nucleotides. In 
general, the repeat wiU be betwreen about 70 and 120 nucleotides long, 
preferably between about 80 and 110 nucleotides, more preferably between 90 
and 100 nucleotides long. 

The repeat may be any one of A/T, AT/TA, AG/CT, AAG/CTT, CGG/CCG. 
ATCG/CGAT, AAAT/ATTT, AAGTTC/GAACTT, CTG/CAG, TTTA/TAAA, 
CT/AG and TTC/GAA. Preferably, said repeat is any one of AAGTTC/GAACTT, 
CTG/CAG, TTTA/TAAA, CT/AG and TTC/GAA. These repeats are denoted 
herein as in double stranded DNA, ie. the 5'-3'/3'-5' sequence. 

In the herein presented examples, the foUowing A^-like DNA fragments, of 
around 90 base-pairs full length, containing the repeats (AAGTTC/GAACTT)u 
(SEQ. m. No.l), (CTG/CAG)3o (SEQ. ID. No.2), (TTTAn'AAA)22 (SEQ. ID. 
No.3), (CT/AG)46 (SEQ. ID. No.4), and (TrG/GAA)8o (SEQ. ID. No.5) were used, 
and their respective full-length sequences are as fellows: 

- SEQ. ID. No.l: 

AAGTTCAAGTTCAAGTrCAAGTTCAAGTTCAAGTTCAAGTTCAAGTTCAAG 
TTCAAGTTGAAGTTCAAGTTCAAGTTCAAGTTCAAGTTC 

- SEQ. ID. No.2: 

CTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGGTGCTGCTGCT 
GCTGCTGCTGCTGCTGCTGCTGCTGCTGCT(5CTGCTGCTG 

- SEQ. ID. No.3: 

TTTATTrATTrATTTATTTATTTATTTATTTATTTATTTATTTAlTrAm^ 
TTATTTATTTATTTATTTATTTATTTATTTATTTA 
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- SEQ. ID. No.4: 

CTCTCTCTCTCTCTGTCTCTCTC^^ 
CTCTCTCTCTCTCTCTCTCT 

- SEQ. ID, No,5: 
TTOTCTTCTTCTTOTOT 
CTTCTTCTTCTTCOT 

Alternatively, the MS-lil» DNA fragment compiises a eequenoe that is at least 
7096 homologous to said monotonous repeat, or fragments or derivatives 
therecdL Therefore, said DNA fragment may also comprise a sequence that is 
between 75 and 95% homdogous to the repeat* or 80% to 90% homologous to 
the repeat. Homology between Hxb DNA fragm^ts may be evaluated through 
sequenqe comparison, using bioinfbrmatics methods known to the man skilled 
intheart. 

In another embodiment of the invention, the exogenous MS is introduced 
concomitant^ with a selective marker, wherein pxe&rahly said selective 
marker is a gene that confers resistance to an antibiotic, a herbicide, or a 
metabolic inhibitor. Alternatively, the selective marker can be a gene that 
highlights the trans&cted cells such as the gene for green fluorescent protein 
(GFF), Thus, the MS-like DNA fragments and the selection marker will be 
introduced into the plant or plant cells by do-trans&ction. Preferably, said 
sdective marker iB the gene for kananqron resistance. 

In order to enhance the selection of cells that actually incorporated the 
trans&cted DNA, it is advantageous to introduce a selective marker 
concomitantly with the desired DNA fragment. This can be achieved by co- 
transfecting the cells with a genetic element that confers resistance to a toxic 
agent, like a herbicide or an antibiotic, that can kill non-protected cells which 
did not incorporate the exogenous DNA. For example, such a selection marker 
can be a gene for an enzyme that degrades the said herbicide or antibiotic or 
clones that highlight the transfected cells. Clones of such genes are well known 
to those versed in the art [for example see Zhang CL. et aL (2001) MoL 
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Kotechnol 12:109-17 and ze&rences thexein] and are oommerdal^ available* 
In addition^ the introduced MS sequence can be flarJied by a unique DNA 
sequence in order to tag the exogenously introduced MS. This shall enable an 
unequivocal identification of the 6ite(s) of integration of the MS in the plant 
genome and the identification of a novel trait. 

Once introduced into the cell nudeua, DNA fragments become incorporated 
into the plant genome. For reasons of simphcity, the term trans&ction is 
herein used to include all difEerent methods of introduction of exogenous DNA. 
into the plant genome. 

Preferably the ssnathetic MS sequence may fiirther include a unique 
identifiable sequence in tandem, which will enable specific tagging of the 
incorporated DNA and identification of the site of integration. This 
embodiment is particularly important for the unequivocal identification of the 
transgenic plants. 

In a fiirther embodiment of the invention, the synthetic MS sequence is 
introduced, into individual plant cells. Alternatively, the synthetic MS 
sequence is introduced into any one of a plant embryo, a plant tissue, a callus, 
leaves, or any plant part where it is possible to introduce DNA When the MS 
sequence is introduced into a plant cell which is part of a multi-cellular tissue, 
said tissue will be subsequently disintegrated into individual plant cellsi to 
obtain a single cell suspension. The cells containing the introduced DNA wiU 
be selected, and then cultivated tmder suitable conditions to give rise to 
individual plants. 

Plant cells can be transfi^ted with exogenous DNA while part of a plant 
embryo, plant tissue like a lea£ a wound tissue or non-di£ferentiated caUus, or 
can be transfected while in single ceU suspension or as protoplasts (plant cells 
whose cell-wall was dissolved). Following DNA trans&ction, selection of the 
modified cells is made at the sii^le cell level by using an incorporated 
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selectable marker screemng procedure, which is then followed by devebpment 
into individvial planted 

The MS sequences to be ixux>zporated into the plant genome may be introduced 
via any technique known to the arfcifian &r the introduction of DNA sequences 
into a genome, such as electroporation, mechanical means like the gene gun 
(also known as pairticle bombardment), chemical means such as po^tl^Iene 
glycol* or by the use of liposomes, with or without being carried by vectors. 
Alternatively, the DNA may be introduced into protoplasts. Pre&rably, the 
MS-like DNA firagments are introduced via mechanical meazis, like the gene 
gun. 

The MS sequences may be introduced into the plant genome as fragments. 
Alternatively, these sequences may first be ligated. Such a ligated construct 
may be further incorporated into a genetic vehicle such as a plasmid or a viral 
vector, and then introduced into the plant genome. 

The exogenous MS sequences to be used in the method of the invention are to 
be obtained via sjaithesis or donix^, ie., said MS-like DNA firagments may be 
synthetically made or they may be isolated firom the genome of a plant oelL 

In an additional embodiment of the invention, the exogenous DNA construct to 
be introduced fi>r the generation of plant diversity may be produced by the 
ligation of the MS-like firagments with a marker DNA, a tagging sequence and 
a velude, or any combination thereof Thus, the MS-like firagment may be 
introduced as naked DNA or as part of a larger structure, as for example in a 
DNA construct 

As shown in Examples 1 and 2, an efGBctive way of introducing the MS-like 
firaigments into the plant cells is through the gene gun technique particle 
bombardment). 
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The cultivation step of the method of the present invention may itself be 
selective. For example, plants may be cultivated under stressing conditions 
such as high saliniiy, &r selection of salt-resistant plants, or be treated with 
herbicides, for selection of herbicide-resistant plants. Thus, the invention also 
encompasses the selection of plants with desired traits* 

In a third aspect, the invention provides the use of MS sequences as a tool for 
the generation of new plant varieties and cells, seeds or progeny thereof It is 
to be understood that the method of the invention will modify the genome of a 
very large number of plant cells at a single time. Since insertion of said MS 
sequences will occur at random, a very large ntmiber of new phenotypes will be 
generated by the method of the invention. Within such large choice of new 
phenotypes, beneficiary traits will be abundant* 

Example 2 demonstrates how, from a relatively small number (total 36) of 
plants transformed with the MS sequence (Cr)n, 50% presented a mutant 
phenolype, either dwarf or giant. Both giant and dwarf varieties of a plant 
may be desired. A giant plant may be beneficial for, fi>r example, providing 
bigger fruits, or even for decorative purposes. A dwarf variely of a plant may 
also be desired, for example, for decorative purposes (being able to fit in an in- 
doors plant bed). 

Another aspect of the invention is a plant variely produced by the method of 
the invention. The method of the invention shall enable the establishment of a 
diversity of stable phenotypes, firom which new plant varieties may be 
developed. 

A further aspect of the invention provides a plant variety whose genome has 
been modified by the method of the invention. 
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Lastly, the invention provides a new plant variety generated hy the 
introduction of MS-like DNA fragments into its genome and cells, seeds and 
prt^eny thexeo£ 

As shown in the following esamples, the present invention provides some new 

varieties, of the tobacco plant. A dwarf plant, a giant plant, a plant with 
« 

deformed leaves, a plant with narrow twisted leaves, a short plant and a plant 
with short intemodes were generated, and are presented as ^samples of 
generation of plant diversify. 

Thus, the inventors hereby specify the incorporation of selected MS sequences 
into the genome of a large number of plant cells and the growth of individual 
plants out of these individual cells, by methods known to those versed in the 
art. Once integrated into the plant genome, this new pattern of MS 
distiibution should be genetically stable and heritable. 

The exact nature of the ensuing phenotypic change cannot be predicted in 
advance due to sporadic sites of MS integration and variability in copy 
nimiber. imique to each transfected plant celL Nevertheless, it should lead to 
the creation of a broad spectrum of phenotypes through the integration of MS 
sequences in different sites in the genome of different cells, occurred at 
random, as exemplified herein. 

The method presented herein opens the way for the generation of gexketically 
defined strains of desirable phenotypes, through the selection of a desired 
trait, like for example plant size, fruit size, flower shape and color, resistance 
to salinily or heat, amoi^st others. 

In the following examples, the inventors used the tobacco plant as a model for 
establishing the method of the invention. It must be emphasized that the 
method of the invention may be applied to any plant species, amongst which 
crop plants like avocado, cacao^ date palm, mango, mate, melon, papaya. 
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tomato, cucumber, pepper» pineapple, strawberry, tea, oo£ke, sugar cane, 
cotton, rice, wheat, sciybean, bean, canola, barley, onion, potato, carrot, garlic, 
ginger are a £3W examples. Similarly, the method of the invention may also be 
used for blooming plants like roses, carnations, lilies, or house plants like 
gardenia, amaxyllis, Christmas cactus, pydamen, to name but few« 

Disclosed and described, it is to be understood that this invention is not limited 
to the particular examples, process steps, and materials disclosed herein as 
such process steps and materials may vary somewhat. It is also to be 
understood that the terminology used herein is used for the purpose of 
describing particular embodimente only and not intended to be limiting since 
the scope of the present invention will be limited only by the appended claims 
and equivalents thereof 

It must be noted that, as used in this specification and the appended claims, 
the singular forms ^a", ''an" and ''the" include plural referente unless the 
content clearly dictetes otherwise. 

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word ^comprise", and variations such as ''comprises" 
and "comprising^, will be understood to imply the inclusion of a stated integer 
or step or group of integers or steps but not the exclusion of any other integer 
step or group of integers or steps. 

The &llowii^ examples are representative of techniques employed by the 
inventors in carrying out aspecte of the present invention. It should be 
appreciated that while these techniques are exemplary of preferred 
embodimente for the practice of the invention, those of skill in the art, in light 
of the present discbsiue, will recognize that numerous modifications can be 
made without departing from the spirit and intended scope of the invention. 
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Examples 

Experimental ProMdun^ 

DNA fintgments can be synthetically made using commercially available DNA 
synthesizers [for details see: Current Protocols in Molecular Biology, Editors: 
Ausubel FM et aL (2002) Published by John Wiley & Sons), or via the 
conventional polymerase chain reaction (PCSR) method [Ausubel et aL (2002) id 
ibid.]. The different DNA frs^ents (e.g the MS and the tagging sequence) are 
then ligated by methods known to those versed in the art 

The DNA fragments (micro-satellite sequences) used in tiie following examples 
were obtained synthetically, utilizing a DNA synthesizer. 

Introduction of DNA fragments into plant cells 

A DNA can be transferred into plant cells by applying a high voltage, a method 
Imown as electroporation pHalluin E. et aL (1992) Plant Cell i:1495-1505]> or 
by a temporaiy mechanical disruption of the cell membrane [Taylor NJ and 
Fauquet CM. (2002) DNA Cell Biol 21:963-77]. This last method is 
conventionally known as the gene gun, and involves coating miniature metal 
beads (gold or tungsten, around 1 ^m in diameter and less) with the exogenous 
DNA and forcing them through the cell membrane using a high pressure 
device, known as particle bombardment gun. Yet another way to introduce 
exogenous DNA into the plant genome is via genetic vectors such as plasmids 
or viral genomes* Examples ci such genetic vectors are Agrobactmum- 
mediated transformation, or the infection of cells with recombinant viruses 
such as the tobacco mosaic virus (TMV) or the cowpea mosaic virus (CPMV). 

Preparation of Tobacco Cell Culture far trftnafey mation bv psrticle 

bombardment 

Materials: 

55 mm Petri dishes 

Mesh 18 sieves, cut into 20 mm squares and sterilized 
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Growing Media: 

1) Cell Culture Medium (514): pH 5.87 
MS macro minerals 

MS micro minerals 
10.3 mgA Thiamine 
9.5 mg/1 Pyridoxine 
4.5 mg/1 Nicotinic acid 
0.25 mg/1 Kinetin 
8.0 mg/1 2,4-D 
0.2% Casein Hydrolyeate 
3.0% Sucrose 

2) Begeneration Medium (1041): pH 5.8 
MS miacro minerals 

MS micro minerals 
MS vitamias 
0.1 mg/1 lAA 
2.0 mg/1 Zeatin 
2% sucrose 
1% Manitol 
agar 

3) Selection Medium: 

Regeneration Meditmi 1041 + 60 mg/1 Eanamydn 

4) Rooting Medium: pH 5.8 
MS macro minerals 

MS micro minercds 
MS vitamins 
3% sucrose 
agar 
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100 mg/1 Eanamydn 
Method: 

1) Frepaie 60 mg microparticles ac^^ 

2) Choose as fine a cell suspension as possible, avoiding lai^ cell 
agglomerates^ &r example, 10,000 cells/100 microlitre of medium. 

3) Trans&r the cell suspension to a sterile 60 ml test-tube and allow the cells 
to settle. Adjust the volume of the medium (514) in order to obtain a ratio of 
1:1 cells:medium. 

4) Restispend all and transfer the cell suspension in 400-500 microlitre 
aliquots onto the sieve squares placed on Whatman p£q>er. It is important to 
obtain as fine and uniform ceU layer as possible. 

5) Transfer the sieves and cells to Petri dishes containing regeneration 
medium (1041). 

6) Clean the bombardment chamber thoroughly with alcohol and place 
prepared Petri dish in the center of the bombardment platform/ dish. 
Distance of platform from syringe fiiltor = 9 cm. 

7) Pltxseed with bombardment as described [Taylor and Fauquet (2002) id 
ibid.]. 

8) 7-10 days sA&r bombardment transfer sieves and cells to selection medium 
(1041)+50mg/l Eanamycin and renew medium weekly. 

9) Plantlets with at least two leaves are transferred to rooting medium (88) + 
80 mgA Eanamydn. 

A£crocarrier preparation: 

(&r 120 bombardments, usiag 500 yl microparticles for bombardment) 

1. In 1.6 ml microfiige tube, weight 60 mg of microparticles. 

2. Add 1 ml of 70% ethanol, vortex for 5 min. 

3. Incubate for 15 min (at room temperature). 

4. Pellet the microparticles by spinning for 2-5 min. 

5. Discard liquid. The following stops should be repeated 3 times: 
Add 1 ml of sterile water. 
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* AUow the particles to settb &r 1 min. 

* Pellet the particles by spixming 'for 90 sec. for the fist time, 120 sec, 
&r the second time and 150 sec. &r third time. 

6. Remove the liquid and discard. 

7. Add Iml sterile 40% PEG, to bring the particles to 60 mg/ml concentration 
(assuming to lose during preparation). 

Coating DNA onto microcarriers: 

CThe following procediue is sufficient for six bombardments. When removing 
aliquots of microcarriers, it is important to vortex the tube containing the 
microcarrier continuously in order to maximize uniform sampling,) 

1. Vortex the microcarriers prepared in 40% PEG (60 mg/ml) for 5 min on a 
platform vortex, to resuspend and disrupt agglomerated particles. 

2. Remove 50 fil (3mg) of microcarriers to 1.5 microfuge tube. 

3. While vortexing vigorously, add in order. 

* 5id DNA (at approx* Ifig/fil concentration) 

* 50 nl IM Ca(N03) 

* [20 |il spermidine base (O.IM)]. 

4. Continue vortexing for 2*3 min. 

5. Allow the microcarriers to settle &r 1 min. 

6. Pellet the microcarriers by spinning fox 2 seconds in a microfuge. 

7. Remove the liquid and discard. 

JEhcanmle 1: Generation ofnkmotmic diversity via tfcg introduction of a 
microsatellite seatience into the plant eenome ' 

DNA of the micro-satellite sequence (AAGTTQn of a total length of about 90 
base-pairs (n^lS), was introduced into tobacco cells utilizing the particle 
bombardment method as specified above. The full-length sequence of this DNA 
fragment is denoted by SEQ. ID. No.l. 
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The tobacco cella to be trans&cted were obtained from a primary culture of 
tobacco cells obtained from leaves. 

The transacted cells were then allowed to grow in a rooting mediiun and the 
developing plants were examined for phenotypic changes. As seen in F^xure 2, 
a considerable number of plants (26 of 116 total number of plants, 22,4%) 
displayed a consistent change in shape, 7 out of 116 plants (6%) presented a 
dwarf phenotype. 4 out of 116 plants (3.4%) presented malformed leaves. 5 out 
of 116 plants (4.3%) presented narrow leaves. 10 out of 116 plants (8.6%) 
presented short intemodes, which were between 1 and 2 cm, as opposed to the 
length of the intemodes in control plants, which was around 6 cm long. 

Example 2: Generation ofphenotvpic diversity via the introducHon of a 
microsatellite sequence into the plant eenomefS) 

The DNA of the below listed micro-satellite sequences of a total length of about 
90 base^pairs, was introduced into tobacco cells utilizing the particle 
bombardment method as described above. Alternative^, the MS-like DNA 
fragments were ligated to a Ti plasmid and introduced into the cells via a Ti 
plasnud-oontaining Agrobactezium. The trans&cted oeUs were then albwed to 
grow in a rooting medium and the developing plants were examined fox 
phenotypic changes. 

As seen in Figures 3 to 7, an array of phenotypes arose with the introduction of 
micro-satellites to the genome of the plants. A control, non-trans&cted plant, is 
displayed to the left of the figures, while the trans&cted variant is depicted to 
the right 

The following micro^satellite sequences were tested for their effect on the 
phenotype of Tobacco plants: 

L (CTG)n: This micro-satelUte resulted in 9/10 mutants (90%), 

characterized by short plants with narrow twisted leaves (Fig. 8). The full- 
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lengih sequence of the DMA fragment containing this repeat is denoted by 
SEQ.ID.No.2. 

n. (TTTA)n:This micro-satellite resulted in 3/7 mutants (43%), 
characterized by dwarf plants (Fig. 4, center) and plants with distorted of 
leaves (Fig. 4, far right)* The full-length sequence of the DMA freigment 
containing this repeat is denoted by SEQ. ID. No.3. 

HL (CT)n: This micro-satellite resulted in 18/36 mutants (50%), 
characterized by giant (Fig. 5) and dwarf (Fig. 6) plants. The full-length 
sequence of the BNA fragment containing this repeat is denoted by SEQ. ID. 
No.4. 

IV. (TTQn: This micro-satelhte resulted in 5/14 mutants (36%), 
characterized by plants with distorted leaves (Fig. 7). The full-length sequence 
of the DNA fragment containing this repeat is denoted by SEQ. ID. No.5. 

In general, the normal height of a tobacco plant is between 60 and 67 cm. 
Transformation with the MS-Uke DNA fragment generated dwarf plants, up to 
around 28-30 cm tall, short plants, from 39 cm up to around 50 cm tall, and 
giant plants, from 89 cm tall, with specimens reaching 96cm-I00cm« 
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Claims: 

1. A method for the generation of genetical|3r diverse plants via the 
incorporation of exogenous micro-sateUite (MS) sequences into the plant 
genome, wherein said plants are of the same spedds, and said method 
comprises the following steps: 

(a) obtaining MS-like DNA. fragments; 

(b) introducing said DNA frc^ments into plant cells; 

(c) selecting the plant cells containing said DNA fragments; 

(d) cultivating the plants grown from the selected cells, imder suitable 
conditions. 

2* The method of claim 1^ wherein said MS-like DNA fragment comprises a 
monotonous repeat of one to six nucleotides and is at least twelve 
nucleotides in length* 

3. The method of claim 1, wherein said MS-like DNA fragment comprises a 
sequence that is at least 70% homologous to a monotonous repeat of one 
to six nucleotides and is at least twelve nucleotides in length. 

4 The method of claims 2 and 3, wherein said repeat is any one of A/T, 
AT/TA, AG/CT, AAG/CTT, CGG/CCG, ATCG/CGAT, AAAT/ATTT, 
AAGTTC/GAACTT, CTG/CAG, TTTA/TAAA, CT/AG and TTC/GAA 

5* The method of claim 4 wherein said repeat is preferably mxxy one of 
AAGTTC/GAACTT, CTG/GAG, TTTA/TAAA, CT/AG and TTC/GAA 

6. The method of any one of the preceding claims, wherein optionally tiie 
MS-like DNA fragments obtained in step (a) are ligated into suitable 
vectors and then proceed to step (b). 
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7* The method of any one of the previous claims, wherein the exogenous 
MS is preferably introduced concomitantly with a selective marker. 

8. The method of claim 7, wherein the selective marker is a gene that 
coh&rs resistance to an antibiotic, a herbicide or a metabolic inhibitor. 

9. The method of claim 8, wherein the selective marker is preferably a 
kanamydn resistant gene. 

10. The method of claims 1 to 9, wherein the synthetic MS-like DNA 
fragment further includes in tandem a unique identifiable sequence that 
enables specific tagging of the incorporated DNA. 

11. The method of any one of claims 1 to 10, wherein the synthetic MS-like 
DNA firagment is introduced into individual plant cells. 

12. The method of any one of claims 1 to 11, wherein said ^jnithetic MS-like 
DNA firagment is introduced into any one of a plant embryo, a plant 
tissue or callus^ or a leai^ which are then subsequently disintegrated 
into individual plant cells. 

13. The method of any one of claims 11 or 12, wherein the individual ceUs 
are cultivated to give rise to individual plants. 

14. The method of any one of claims 1 to 13, wherein said DNA firagment is 
introduced via any one of electroporation, chemical, mechanical means 
or liposomes. 

15. The method of claim 14, wherein said DNA firagment is introduced ,via 
mechanical means, like particle bombardment. 

f . 
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16. The method of aziy one of claims 1 to 15, wherein said DNA fragment is 
introduced by a genetic vehicle such as a plasmid or a viral vector. 

17. The method of any one of the previous claims, wherein said DNA 
fragment is obtained via synthesis or cloning. 

18. The method of claim 17, wherein* said DNA fragment is obtained via 
qmthesis. 

19. The method of any one of the preceding claims, wherein said exogenous 
DNA is produced by the ligation of several DNA pieces. 

20. Use of MS-Iike DNA fragments as a tool for the generation of new plant 
varieties. 

21. The use of claim 20, for the generation of any one of cells, seeds or 
progeny of said plants. 

22. A plant variety produced by the method of any one of daims 1 to 19. 

23. A plant vaiieiy whose genome has been modified by the method defined 
in any one of claims 1 to 19. 

24 A new plant variety generated by the introduction of MS-like DNA 
fragments into its genome, and ceUs, seeds and progeny thereol 
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SEQUENCE LISTING 

<110> Yissum Research and Development Con4>any of the 
Hebrew University of Jerusalem 

<120> A Method for Generating Plant Diversity 

<130> 15973-WO-03 

<150> XL 155,137 
<151> 2003-03-27 

<160> 5 

<170> Patentin version 3.1 

<210> 1 
<211> 90 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> microsatellite-like DNA fragment 
<400> 1 . 

aagttcaagt tcaagttcaa gttcaagttc aagttcaagt tcaagttcaa 
gttcaagttc 60 

aagttcaagt tcaagttcaa gttcaagttc 
90 



<210> 2 
<211> 90 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> microsatellite-like DNA fragment 
<400> 2 

ctgctgctgc tgctgctgct gctgctgctg ctgctgctgc tgctgctgct 
gctgctgctg 60 

ctgctgctgc tgctgctgct gctgctgctg 
90 



<210> 3 

<211> 88 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> microsatellite-rlike DNA fragment 
<400> 3 

tttatttatt tatttattta tttatttatt tatttattta tttatttatt 
tatttattta 60 

tttatttatt tatttattta tttattta 
88 



<210> 4 
<211> 90 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> mlcrosatelllte-llke DHA fragment 
<400> 4 

ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct 
ctctctctct 60 

ctctctctct ctctctctct ctctctctct 
90 



<210> 5 
<211> 90 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> microsatellite-like DNA fragment 
<400> 5 

ttcttcttct tcttcttctt cttcttcttc ttcttcttct tcttcttctt 
cttcttcttc 60 

ttcttcttct tcttcttctt cttcttcttc 
90 
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